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E. coli possesses four hydrogenses, which responsible for molecular
hydrogen (H2) formation and oxidation. It was demonstrated that
E. coli during fermentation of glucose depending of medium pH H2
produces via two forms of FHL-1 and FHL-2, constituted by formate
dehydrogenase H and hydrogenase 3 (H3) or hydrogenase 4 (H4): at
alkaline pH FHL-2 was shown to relate with the proton translocating
F0F1-ATPase and potassium uptake TrkA system [1]. Relation of
hydrogenases to F0F1-ATPase was also established during bacterial
glycerol fermentation [2].
In this study was investigated proton-potassium exchange in
E. coli hydrogenase new mutant ΔhypF with defective all four
hydrogenses and wild type strain BW25113 pH 5.5 and pH 7.5
fermenting glucose and glycerol. During fermentation of glucose at
alkaline and acidic pH was observed classical medium acidiﬁcation
and potassium ions uptake, which was inhibited by F0F1-ATPase
inhibitor N,N’-dicyclohexylcarbodiimide (DCCD), pointing out the
relation of this processes with proton translocating F0F1-ATPase.
During fermentation of glucose at alkaline and acidic pH H+ extrusion
was suppressed 1.2 fold in ΔhypF mutant compared with wild type
strain. K+ uptake was suppressed 2 fold at alkaline pH, whereas at
acidic pH it was stimulated 1.4 fold. During glycerol fermentation
in E. coli wild type protons expelled via F0F1-ATPase with low rate
(DCCD-sensitive ﬂuxes are also observed) and potassium uptake
was absent compared with the glucose fermenting cells at both
pHs. While, H+ extrusion was suppressed 1.7 fold at both alkaline and
acidic pH in ΔhypF mutant compared with wild type strain
fermenting glycerol.
The results indicate that during glycerol fermentation hydrogensaes
participate in H+ extrusion more than in glucose fermenting cells,
moreover, during glucose fermentation depending of medium pH
they have different relationship and role in potassium ions uptake
possesses and systems.
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Photophosphorylation is known to produce ATP using chemios-
motic potential generated across the thylakoid membranes that
couples the photosynthetic electron transport to ATP-synthesis in
photosynthetic bacteria and chloroplasts. The basic assumption of
chemiosmotic hypothesis is that there should be enclosed vesicles for
buildup of delocalized proton gradients. Although the chemiosmotic
hypothesis and the role of such delocalized proton accumulation has
been widely accepted in bioenergetics for ATP production, there are
certain observations which suggest that protons constrained to
localized domains rather than delocalized within vesicles would also
be important in ATP production.
We have been interested in demonstrating association of Calvin cycle
enzymes with thylakoid membranes in cyanobacterial model systems
[1,2,3]. The thylakoids from cell free extracts of cyanobacteria, Syn-
echococcus and Synechocystis, when fractionated by successive ultra-
centrifugation at 40,000×g, 90,000×g and 150,000×g yielded three
distinct fractions designated as 40 k, 90 k and 150 k segments. The
native thylakoid membranes appeared ﬂat when analyzed by trans-
mission electron microscopy [4] and showed no evidence for vesicles
formation in biochemical assays. All these fractions showed presence
of Calvin cycle enzymes and components of light reactions as well as
that of Chloroplast ATP synthase. These isolated native thylakoids
could carry out photophosphorylation dependent CO2 ﬁxation
activity involving light dependent synthesis of ATP by ATP synthase
and its subsequent use by Calvin cycle enzymes to ﬁx 14CO2.
Interestingly, among the three fractions, the 150 k segments showed
highest activity of photophosphorylation dependent CO2 ﬁxation
suggesting that the supramolecular organization of components of
light and dark reactions was optimum in these thylakoid segments.
Photophosphorylation dependent CO2 ﬁxation was observed under
conditions of cyclic as well as noncyclic photophosphorylation using
methyl-viologen as acceptor and also in presence of uncoupler
gramicidin.
These results suggested that the isolated thylakoid segments in
150 k fraction could generate ATP in absence of vesicles suggesting a
role of localized proton gradient in this activity.
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Cytochrome c oxidase (CcO) catalyzes the four electron reduction
of molecular oxygen to water, and converts the free energy of the
reaction to an electrochemical proton gradient by proton pumping
across themitochondrial or bacterial membrane [1]. During continuous
turnover of the enzyme, two protons are pumped, and another two
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protons and two electrons are consumed at the active-site of oxygen
reduction in the reductive phase of the catalytic cycle (OH→R).
However, if the reaction begins from an ‘as isolated’ oxidized form
of the enzyme (O), two protons and two electrons are still
consumed at the active-site in the reaction step (O→R) but without
any proton pumping [1,2]. The absence of any proton translocation in
the latter reaction (O→R) has been attributed to the lack of driving
force due to the low redox potential of the active-site metal centers
[2]. Here, with the help of density functional theory (DFT) calcula-
tions and molecular dynamics simulations on the preceding tran-
sition (F→OH), we suggest structural differences between the OH
and O states, and highlight implications on the catalytic mechanism
of CcO.
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The terminal enzyme of the electron transfer system, cytochrome
c oxidase (CcO), reduces an oxygen molecule to two water molecules.
The trigger of this reaction is the binding of an oxygenmolecule to the
binuclear center (BNC), which is composed of the CuB site and heme
a3. Experimentally, to obtain the crystal structure of the complex
with an oxygen molecule is currently difﬁcult, and so the crystal
structures of the complexes with CO, NO, and CN ligands were
recently determined by Muramoto, K., et al. In this study, we
performed ab inito quantum mechanics calculations (also see Ref.
[1]) and hybrid ab initio quantum mechanics/molecular mechanics
(QM/MM) calculations (our hybrid calculation system was built on a
highly-parallel supercomputer [2-4]) to systematically investigate
the potential ﬁelds of the BNC and the ligands, employing those
crystal structures.
For CO ligand that is bound to the CuB site, we calculated the
potential energy values of various positions of the ligand (~500
points), and thereby explored the stable conﬁgurations. The obtained
potential ﬁeld revealed the two major conﬁgurations, for which the
energy values are close to each other. To validate the results, we
calculated the IR spectrums using the two stable CO conﬁgurations,
and found that the peaks are well consistent with the experimental
data. Thus, we concluded that at least, the two stable conﬁgurations
of CO ligand that coordinates to the CuB site are possible.
Note here that the proposed conﬁgurations are end-on, which is
different from the CO-binding mode that was found in the crystal
structure, i.e., side-on. In fact, the side-on conﬁguration of CO and Cu
has not been found except for one case, where an amino acid residue
induces such a conﬁguration of CO. In the vicinity of the BNC of
bovine CcO, one cannot ﬁnd the amino acid residues that induce the
side-on conﬁguration of CO. Thus, the binding modes of CO that
coordinates to the CuB site may be end-on. In the session, we also
discuss the other ligands and the roles of the CuB site in the reaction.
References
[1] M. Boero, J. Kang, S. Tokumoto, M. Tateno, J. Comp. Theor.
Nanosci. 6 (2009) 2640–2647.
[2] T. Ohta, Y. Hagiwara, J. Kang (3-person), M. Tateno, J. Comp.
Theor. Nanosci. 6 (2009) 2648–2655.
[3] J. Kang (4-person), M. Tateno, J. Phys. Cond. Matt. 21 (2009)
064235.
[4] Y. Hagiwara, M. Tateno, J. Phys. Cond. Matt. 21 (2009) 064234.
doi:10.1016/j.bbabio.2012.06.400
20P21
Mitochondrial effects of a possible neuroprotectant,
methylene blue. Studies on isolated brain mitochondria and
on BV-2 microglial cell line
L. Tretter, G. Horváth, V. Adam-Vizi
Semmelweis University, Department of Medical Biochemistry, Budapest,
Hungary
E-mail: tretter@eok.sote.hu
Mitochondria play a major role in the pathogenesis of neurodegen-
erative diseases. Methylenne blue (MB) treatment in some models of
Parkinson's disease resulted in an improvement of neurological and
bioenergetic functions. The protective effect of MB was explained by an
“alternative mitochondrial electron transfer” mechanism.
In the current study the effects of MB on mitochondrial
bioenergetics and Reactive Oxygen Species (ROS) homeostasis were
investigated in isolated guinea pig brain mitochondria and on BV-2
microglial cell line. MB was applied at 100 nM, 300 nM and in 1 mM
concentrations. Oxygen consumptions were measured by Oroboros
high resolution oxygraph and by Seahorse Extracellular Flux Analyzer
(Seahorse) on isolated mitochondria and on BV-2 cells, respectively.
Mitochondrial formation of ROS was detected by Amplex red
ﬂuorimetry or by reduction of acetylated cytochrome c. In the
presence of MB oxygen consumption rate was increased both in
isolated mitochondria and in BV-2 microglial cells. This MB-evoked
increase of oxygen consumption was less sensitive to adenine
nucleotide translocator inhibition or to ATP synthase inhibitor in
isolated mitochondria and in BV-2 cells, respectively, showing that in
the presence of MB ATP synthesis can be less efﬁcient, therefore the
this effect of MB is similar to that of uncouplers. In agreement with
this mitochondrial membrane potential measured using TPP elec-
trode was slightly depolarized. Amplex signal considered as an
indicator of ROS formation was decreased in the presence of MB,
however, correcting raw Amplex signal to the altered calibration
signal, an increase in ROS production was calculated. MB was able to
oxidize reduced coenzymes (NADH or NADPH) and transfer electrons
to oxygen in the absence of mitochondria. Oxygen consumption
in the absence of mitochondria but in the presence of reduced
coenzymes (NADH or NADPH) was initiated by MB. Oxygen
consumption rate under this circumstances was decreased by added
catalase. In the presence of mitochondria and MB reduction of
acetylated cytochrome c was detected. These experiment raise the
possibility of MB-mediated ROS formation.
Our observations do not question theMB-mediated neuroprotection
described in previous studies, however, suggest that the simpliﬁed
explanations for the MB's effect have to be revised.
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